Aim:Imidacloprid (IMI) is a systemic insecticide which produces neurotoxicity through binding to acetylcholine receptor. Toxic effects of IMI are sperm deformity, testis Tubular degeneration, and developmental retardation in mammalian fetus. We aimed to study the toxicity of IMI toward ovary and mRNA of DAX1 expression that is associated ovarian follicular growth. Methods: 90 Pregnant Wistar rats were randomly divided into control, sham and IMI group. IMI and sham groups received 10 mg/kg BW IMI and DMSO as solvent of IMI, respectively. 1, 14 and 55-day-old Rats were anesthetized and their Blood and ovaries were removed to determine serological and histomorphometrical change. RT-PCR was also carried out to evaluate the expression of DAX1 gene. Results: Follicles diameters and corpus luteum numbers, estradiol and progesterone levels and main parameters of pregnancy significantly decreased in IMI group compare with control group. RT-PCR results showed down-regulation of DAX1 gene.
http://www.ispacs.com/journals/ijcmb/2015/ijcmb-00017/ International Scientific Publications and Consulting Services nicotinic acetylcholine receptors (nAChRs).Human and animal studies suggest that exposure of pesticides may increase prevalence of respiratory diseases, neurological dysfunctions, cancers and reproductive disorders [2, 3, 4] . Imidacloprid [IMI, 1-(6-chloro-3-pyridylmethyl)-N-nitroimidaz-olidin-2-ylideneamine], a relatively new systemic Imidacloprid was rapidly absorbed and distributed throughout the body and More than 90% of IMI was eliminated in the urine and feces in the first 48 hours following exposure. On the basis of the observed LD50 values IMI and its metabolites are classified by EPA as slight to moderate toxic [5, 6] . The toxic effects of IMI were divided in three levels. First of Symptoms included apathy, labored breathing, sedation, dizziness, hemorrhagic gastritis, productive cough, fever, leukocytosis and hyperglycemia, mortality [7] . Exposure to IMI in second level may be associated with degenerative changes in the testes, thymus, bone marrow and pancreas and changes in the liver and fundamental changes in metabolic rate (e.g., effects on the thyroid) [8, 9] . Last effects have been associated with reproductive toxicity, growth and developmental retardation in laboratory animals such as sperm deformity in earthworms, Reduction in mean number of eggs laid and viable hatchings per hen [10, 11, 12, and 13] . Third effect that attracts the attention of researchers is Imidacloprid has been tested for its ability to transition of IMI though blood brain barrier and Placenta [14] . DAX1 expression is detected in the developing ovary at various stages of embryonic development and the adult ovary as a regulator of steroidogenesis during the menstrual cycle DAX1 Expression is detected strongly in the granulosa cells with more varied expression in the stromal and theca cells from the primordial follicular stage to the corpus luteum and therefore DAX1 likely plays a role in regulating gene expression in various ovarian cell types during stages of follicular development [15, 16] . In the present study, we examined the potential for reproductive toxicity following in utero exposure to Imidacloprid and possible acute effects of Imidacloprid on hypothalamic-pituitary-adrenal-gonadal (HPAG) axis and ovarian tissue though DAX1 mRNA by using biochemical and molecular biology techniques in rats as a model of mammalian.
Material and methods
Experiments were performed on 90 pregnant Wistar rats provided by Kharazmi University, Tehran, Iran. Animals were housed in special cages with a standard space, under a controlled light/dark cycle (Lights on from 08:00 to 20:00). Humidity and temperature were set at 55±15% and 20-24˚C, respectively, and a free access to water and commercial food (Behparvar Com., Iran) was provided. The rats under study were maintained for at least 20 days in the above-mentioned conditions before IMI administration, so that they can completely get accustomed to the environment. All procedures were carried out according to the Guide for the Care and Use of Laboratory Animals (National Research Council 1996). Pregnant Wistar rats from gestation day 7 through 21 were randomly divided into control, sham and IMI group. IMI and sham groups received 10 mg/kg IMI and DMSO as solvent of IMI via tail vein with n=10 for all groups.TheirF1generations were investigated as below: 1-day-old offspring (n=10) were anesthetized with chloroform and their ovaries were harvests for evaluation of Dax1 gene expression via PCR. Also the trunk blood of 55-day-old offspring (n=10) was collected 55 day later and Serum testosterone, estradiol and progesterone levels were determined by Chemoluminesance Immunoassay (CLIA) (DiaSorincomany, Italy).55-day-old offspring's Ovaries (n=10) were separated from the twisted oviduct tubes, weighted and kept for histomorphometrical analysis. 55-day-old offspring's Ovaries (n=10) mated with fertile male rats and pregnancy rate and litter size determined. Pregnancy rate was evaluated by number of pregnancies/number of fertile matings*100. Litter size of 55-day-old offspring was calculated by average number of pups born per litter. http://www.ispacs.com/journals/ijcmb/2015/ijcmb-00017/ International Scientific Publications and Consulting Services
Ovary histological sections
The ovary of 55-day-old offspring were placed in paraformaldehide fixative for histological analysis; fixed samples were kept in alcohol solutions of 20 to 100% for a period of 45 min to dehydrate, and later in alcohol/xylen (50:50) and xylen (3 times) for clearing, and finally blocked in paraffin. Samples were sliced to sections of 7 micron thickness using a microtome, and these sections were placed on slides, previously coated with gelatin, prior to staining with hematoxylin-eosin for histological observations. In order to determine follicular development, follicles were classified based on morphology and diameter into 6 groups of Primordial, Primary, Secondary, Graafian, Atretic follicles and corpus luteums.
Semi-quantitative RT-PCR
Total RNA was prepared from ovaries of the1-day-old offspring by using Total RNA Purification PP-210S kit (Jena Bioscience Germany) according to the manufacturer's instructions. The specific primers for dax1 and β-actin and the lengths of the PCR product size and reaction conditions are described below. Expression of b β-actin as housekeeping gene should not alter in response to Imidacloprid exposure. Each PCR reaction was performed in triplicate. PCR products were separated in a 1.5% agarose gel, stained gel red, and densities of amplified fragments analyzed using Image-J software.
Statistical analysis
The one-way ANOVA method and In Stat software were used to determine the statistical significance of differences between the values for the experimental and control groups. Data were expressed as means ± standard error (S.E.M), and the results were taken from at least three independent experiments, performed in triplicates. p-value of 0.05 or less was accepted as statistically significant.
Results
Semi-quantitative mRNA analyses have demonstrated that Imidacloprid administration caused to downregulate the expression of Dax1 transcriptions in ovary of the offspring of IMI-treated mothers group as compared to that of sham and controls (Fig. 1) . The mean of the CLIA test results for the all groups visualized in table 1 showed a significant decrease in the levels of both progesterone and estradiol in the offspring of IMI-treated mothers group on 55 days after birth when compared with that of controls; however, no significant alternation was noted in testosterone levels ( Table 1) . Table 1 : Imidacloprid treatment effects on serum progesterone, estradiol and testosterone level in 55-day-old ratscompared with control and sham rats (n=10)(Mean±SEM). *p-value, significant difference based on Tukey at p< 0.05.
A significant decrease in ovarian weight of was detected 55 days after birth compared to that of controls. Furthermore, in the offspring of IMI-treated mothers group a significant decrease in ovary diameter was observed compared to other groups (Table 2) . A significant decrease was observed in the number and diameter of primordial, primary, secondary, especially graafian follicles and corpus luteum, as a sign of ovulation, the offspring of IMI-treated mothers group. In addition, some large atretic follicles were observed. (Fig. 2, 3 ). In order to evaluate the changes in number of fetus in each litter and pregnancy rate in the offspring of IMItreated, sham and control mothers groups, we mate 55-day-old offspring with fertile male rats. Pregnancy rate refer to ratio of the number of pregnancies to number of fertile mating. In addition to a significant decrease in rate of successful mating in the offspring of IMI-treated mothers group, a marked reduction in number of fetus was detected compare with control and sham groups ( Table 2 ). 
Conclusion
These findings confirmed Imidacloprid may cause reproductive toxicity and follicular development disruption via down-regulation of ovarian DAX1in offspring born to Imidacloprid-exposed mothers.
Discussion
Since 1987, some reports have shown the toxic effects of IMI on thyroid gland consisting of atrophy, weight loss, mineralization of thyroid follicle colloids, and secretory abnormalities of the gland in both male and female rats. Primary hypothyroidism (increased TSH and decreased free T4) and secondary hypothyroidism caused by the influence of IMI on thyroid tissue, result in elevation of TRH secretion from hypothalamus, which follows by increased prolactin release from adenohypophysis. TRH-induced prolactin by suppressing GnRH secretion inhibits pulsatile secretion of gonadotropins and subsequently stop LH surge in the middle of ovulation cycle [17, 18, 19] . In this study, reduced number of corpus luteums, and decreased levels of progesterone are consequently due to the disruption of ovulation process and thyroid malfunction in IMI-treated rats. http://www.ispacs.com/journals/ijcmb/2015/ijcmb-00017/ International Scientific Publications and Consulting Services Takeshi Maruo suggests that thyroid hormones have synergistic effects with FSH in stimulating granulosa cells to produce estradiol [20] . Regarding this evidence, it is probable that significant reduction of estradiol in IMI-treated rats is due to disrupted secretion of thyroid hormones. Gonadotropin releasing hormone, secreting by neurosecretory cells of hypothalamus, results in development of gonadal cells, production of estrogen and progesterone hormones, and secondary sexual characteristics through effects on hypophysis and ovary [20] . It seems that the data obtained by this study, such as defects in development of ovarian follicles, non-appearance of yellow body, and decreased ability of uterus wall for implantation, are as a result of perturbation of FSH and LH hormones secreted from hypophysis and estrogen and progesterone hormones secreted from ovary. Hormonal disorders observed in this study suggest that Imidacloprid lead to hypothalamus-hypophysis-ovary axis disturbance. In 1976, Johnson showed that the activity and weight of gonadal glands are strongly influenced by steroid hormones [21] , so a reasonable relevance can be considered between ovary weight loss in treated rats and significant decrease in ovarian hormones. Eiben & Kaliner demonstrated that Imidacloprid induces unorganized DNA synthesis in primary hepatocytes. There are some reports about severe damages in DNA structure in thymus cells and vesicle seminal in Imidacloprid-treated rats and the increased alteration in sister chromosomes in Chinese hamster ovary (CHO) cell line [20] . According to the results revealed by Uzun et al., free radicals originated from oxidative stress can induce DNA damage [22] , so it can be suggested that destructive effects of Imidacloprid on genomic content may be as a result of releasing free radicals and the misbalance between free radical production and antioxidant capacity of the body. In this study, decreased levels of Dax1, the protein with an important role in development of ovary and female reproductive organs, is attributed to the destruction of Dax1 mRNAs with free radicals produced by Imidacloprid. Evaluation of oxidative stress in ovaries of Imidacloprid-treated rats by Kapoor in (2011), confirms our results [9] . So, we concluded that decreased reproductive potency observed in Imidacloprid treated group which appears with ovarian weight loss, decreased number of active follicles, decreasing in sexual tendency, reduced number of embryos in each gestation, and increased number of atretic follicles, is due to decreased levels of Dax1 expression caused by this poison. Evidences show that free radicals lessen cell membrane viscosity through damaging lysosomal membrane and releasing their enzymes, peroxidation of membrane lipids and decreasing double and triple bonds of fatty acids, and subsequently, make problems in absorbing necessary materials, signal transduction, and excreting wastes, which all lead to disturbance of cell activity, and cell death [23, 24] . Free radicals in plasma through oxidation of low density lipoproteins (LDL) present in vessels, lead to rigidity of vessels and decreasing blood circulation [25] . Concerning the strong relevance between ovarian follicle development and blood circulation [26] , we suggest that Imidacloprid through production of free radicals and decreasing blood supply to ovary leads to reduced number and diameter of follicles due to lessening follicle sheath diameter and ovaries' weight.
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